Abstract. Adie MM, Krisnawati A. 2016. Characterization and clustering of agronomic characters of several soybean genotypes. Nusantara Bioscience 9: 237-242. The development of improved soybean variety in Indonesia is mostly derived from crossing (51.19%), which requires the availability of gene source to serve as the parental stock. Characterization of 150 soybean genotypes was conducted in Probolinggo, Indonesia, from February to May 2016. The research was arranged in a randomized block design with two replicates. Clustering of agronomic characters was carried out using cluster analysis. The grouping was based on plant age characters (vegetative phase duration, generative phase duration, generative and vegetative ratio, days to maturity), growth characters (plant height, number of filled pods, number of empty pods, number of branches, number of nodes), and seed characters (100-seed weight and seed yield plant -1 ), which resulted in 10 groups/clusters. Cluster I, II and III consisted of 47, 80, and 13 genotypes, respectively; whereas other clusters consisted of one up three genotypes, respectively. Each cluster represents specific characters. Cluster IV that consisted of three genotypes showed a late maturity (83.5-88.5 days), high number of pods (81.8-83.3 pods plant -1 ) and high yield plant -1 (21.76-25.78 g plant -1 ), but have small seed size (12.24-13.75 g 100 seed -1 ). Cluster VI consisted of one genotype, and characterized by large seed size (16.79 g 100 seed -1 ) and high yield plant -1 (15.76 g). Cluster IX (1 genotype) was characterized by early maturity (73 days), unbranched, but produced relatively low yield. The preference of soybean consumer in Indonesia is high yield, in addition to early maturity (< 80 days), and large seed size (>14 g 100 seed -1 ). Soybean genotypes within cluster IV, VI, and IX are valuable as gene source in the development of superior soybean varieties in Indonesia.
INTRODUCTION
High yielding varieties, as a component of cultivation technologies, are still become the most preferred and most rapidly adopted by users. In addition to high yield, development of soybean varieties in Indonesia is intended to produce varieties with general and specific objectives. The general soybean breeding objectives are to develop large seed size and early maturing soybean varieties, while the specific objectives are to generate soybean varieties with good adaptation to abiotic stress, biotic stress, and high nutrients content (protein, fat, isoflavones, etc.) .
The development of improved variety requires the availability and diversity of genetic resources. Moreover, the Indonesian government has released as many as 84 soybean varieties, of which 51.19% were generated through crossbreeding processes. This indicates that genetic diversity plays an important role as gene sources in varietal development. Efforts to broaden the genetic diversity can be achieved through the characterization of soybean genotypes from various sources. In the USA, more than 70% released variety was originated from seven crossbreeding using nine unique parents (Chen et al. 2004 ). These genetic resources play a major role in soybean improvement and serve as the basis for the introduction of new genes to improve productivity, crop quality, and to increase resistance to diseases, pests, and stresses imposed by natural environments.
The seed yield of soybean, which consists of several components, including the number of plants per unit area, pods number per plant, seeds per pod, seed number and seed size, depends mainly on the soybean genotype used (Sumarno and Zuraida 2006; Susanto and Adie 2006; Showkat and Tyagi 2010) . Genetic variability can be analyzed using various methods such as agronomic and biochemical traits, and molecular marker polymorphisms. Valliyodan et al. (2015) performed a landscape analysis of genomic diversity and trait discovery of 106 soybean genomes representing the wild, landraces, and elite lines, and obtained 10 million high-quality SNPs. This approach is very useful in the genomic aspects. Information from this study provides a valuable resource for understanding soybean genome structure and evolution, and can also facilitate trait dissection leading to sequencing-based molecular breeding. Characterization of several soybean genotypes in terms of abiotic stresses revealed PI 416937 as a drought-tolerant genotype. The drought-tolerant genotype was reported to be able to maintain its leaf turgidity as a result of efficient extraction of soil water by a larger and fibrous root system (Patterson and Hudak 1996) . Hao et al. (2012) performed a genome-wide association analysis detecting significant single nucleotide polymorphisms for chlorophyll and chlorophyll N U S AN T ARA BIO SC I EN C E 9 (3): 237-242, August 2017 238 fluorescence parameters in soybean (Glycine max) landraces. The previous study by Vollmann (2000) showed that selection of early maturing soybean genotypes with improved seed protein content appears to be feasible and is only limited by the moderately negative correlation between protein content and seed yield.
A previous study by Navabi et al. (2014) on the genetic diversity in dry bean varieties released between 1930 and 2010 revealed that the pedigree-based estimate of genetic diversity for all dry bean varieties was 0.93. This result indicated a narrow genetic diversity among the Canadian beans of Andean origin (kidney and cranberry beans) suggesting that the breeding efforts for these market classes would benefit from the introduction of new genetic diversity. In kidney bean (Phaseolus vulgaris L.), Khanal et al. (2015) obtained an accession named Dynasty, with the characteristic as a mid to late season maturity cultivar with excellent yield potential, superior seed size, and good cooking quality.
Genetic diversity is important for crop improvement (Malek et al. 2014) . Variations among agronomic and yield-related characters in soybean offer the most effective selection for particular characters. The objectives of the present study were to characterize and classify 150 soybean genotypes based on agronomic characters.
MATERIALS AND METHODS

Research material
A total of 150 soybean genotypes which consisted of 145 soybean genotypes and five soybean popular varieties in Indonesia (Burangrang, Argomulyo, Grobogan, Anjasmoro, and Dega 1) were used in this study. These soybean genotypes were derived from a selection of various soybean crossing with different genetic background.
Field research
The experiment was conducted in dryland in Probolinggo (East Java, Indonesia) during the dry season (February-May 2016) at an elevation of 10 m asl, climate type C2 based on Oldeman system, and Alfisol soil type. The experiment was arranged in randomized completely block design, with 150 treatments and two replicates. Each genotype was planted in 1.2 m × 4.5 m, plant spacing was 40 cm × 15 cm, two plants hill -1 . The soil management was optimally performed and drainage channel was made. Planting system was done using individually planted (tugal) direct seeded, 2-3 seeds hole -1 and only two plants hole -1 were retained at 12 days after planting onward. Fertilizer of 250 kg Phonska ha -1 and 100 kg SP 36 ha -1 was applied prior to sowing. Crop maintenance consisted of optimal irrigation, pest and disease control, and weeding.
Observation
The observed data consisted of vegetative phase duration, generative phase duration, vegetative and generative ratio, days to maturity, plant height, number of filled pods, number of empty pods, number of branches, number of nodes, 100 seed weight, and seed yield plant -1 . The vegetative phase duration was the period started from the seed emergence until the opening of the first complete flower while the generative phase duration was the period started from the emergence of the first complete flower until pod maturation.
Data analysis
Data were analyzed using an ANOVA for a randomized block design (Gomez and Gomez 1984) . Accessions diversity was determined by Principal Component Analysis (PCA) to identify the principal traits. Furthermore, the PCA values were used for cluster analysis. PCA and cluster analysis were performed using Minitab 14 program (McKenzie and Goldman 2005) .
RESULTS AND DISCUSSION
Result
Analysis of variance showed significant variation among the 150 soybean genotypes. The CV values ranged from 3.96 to 23.61% (Table 1 ). This indicates that there were variations in particular agronomic characters, thus allowing us to perform grouping of the genotypes based on their agronomic characters.
The evaluated 150 soybean genotypes were grouped into characters associated with plant duration (vegetative phase duration, generative phase duration, generative and vegetative ratio, days to maturity), growth characters (plant height, number of filled pods, number of empty pods, number of branches, number of nodes), and seed characters (100 seed weight, seed yield plant -1 ) ( Table 2 ). The average vegetative phase duration was 32.54 days, generative phase duration was 45.01 days, generative and vegetative ratio was 1.39, days to maturity was 77.5 days, plant height was 48.31 cm, number of filled pods plant -1 was 42.65 pods, number of empty pods plant -1 was 2.06 pods, number of branches plant -1 was 2.38, number of nodes plant -1 was 10.07, 100 seed weight was 15.25 g, and seed dry weight plant -1 was 13.41 g. Skewness value for all characters was positive, except for number of branches, which indicates that most of the tested genotypes were centralized on the right side, thus have an opportunity to perform better than the average value. On the contrary, most genotypes tended to have relatively a few number of branches.
The grouping of 150 soybean genotypes based on agronomic characters resulted in 10 clusters (Table 3, Figure 1 ). Cluster I consisted of 47 genotypes, characterized by the relatively short stem and large seed size. Cluster II, as the largest cluster members (80 genotypes), had characteristics of a short stem and a high number of nodes. Cluster III (13 genotypes) had a medium stem and heavier seed per plant. Cluster IV (three genotypes) had characteristics of long duration of the vegetative phase, late maturity, high number of filled pods plant -1 and also high yield plant -1 . Cluster V with only two genotype members had characteristics of long duration of the generative phase, late maturity, and medium seed size.
Cluster VI (one genotype) was characterized by the long duration of generative phase and large seed size. Cluster VII (one genotype) was characterized by a high number of filled pods, a few empty pods, and high yield. Cluster VIII (one genotype) had a low number of filled pods. Cluster IX (one genotype) was characterized by the short duration of the vegetative phase, high G/V, very early days to maturity, and a few number of branches. The last cluster, cluster X (one genotype) was characterized by a long stem and a high number of nodes (Table 3) . 23.61 Note: ** = significant at 1% probability level (p<0.01), * = significant at 5% probability level (p<0.05). 
Discussion
Plant age, growth, and seed characters of the 150 soybean genotypes were genetically greatly varied. By using cluster analysis, the 150 soybean genotypes were grouped into 10 clusters using 11 morphological traits. Morphological characterization of the existing genetic variation has been used in various researches. For example, Dayaman (2007) investigated 45 soybean accessions from different geographical areas and screened for their genetic diversity using 22 morphological traits. The investigation revealed out the accessions into six clusters. Another study by Diazcarrasco et al. (1986) grouped seventeen soybean varieties based on days to maturity, plant height, and seed yield plant -1 . Rasaily et al. (1986) characterized twenty soybean genotype characters based on plant height, number of branches, pods plant -1 and seed yield plant -1 . For agromorphological traits, 94 accessions were grouped into seven different clusters at similarity coefficient of 0.52 by using Unweighted Pair Group Method with Arithmetic Mean (UPGMA) (Moe 2012) . By using cluster analysis, Salimi et al. (2012) also successfully identified genotypes TNH56 and BP which are drought tolerant, and these genotypes could be used as a source of germplasm for breeding for drought tolerance.
In this study, 150 soybean genotypes were grouped into 10 clusters. Cluster I, II, and III consisted of 47, 80, and 13 genotypes, respectively; or about 93.33% of the total tested genotypes. Meanwhile, the other eight clusters consisted of only one up to three genotypes each. This indicates that some agronomic characters of the 150 genotypes have a narrow diversity. This finding is quite different from that of Malik et al. (2011) , who found a high level of diversity on morphological traits (leaf area, pods plant -1 , branches plant -1 , 100-seed weight and grain yield plant -1 ) on 92 soybean genotypes evaluated in Pakistan. Kaga et al. (2012) also found highly heterogeneous accessions and comprised of accessions from Nepal, Pakistan, Myanmar and China. These accessions generally flowered very late in the experimental field and had primitive characters such as twining, elongated stem and small seeds. By using RAPDs, Li and Nelson (2001) found that the mean genetic distance within accession from China was much larger than that within Japan or South Korea, but smaller than that between China and Japan or South Korea. Meanwhile, Oda et al. (2015) evaluated the combination of six microsatellite primers, which were able to distinguish the 21 cultivars used in that study; and those microsatellite markers showed less biased estimates compared to the estimates obtained by the parentage coefficient and phenotypic characters in studies on genetic diversity. Study of genetic diversity is important to determine the genetic diversity of a population and to explore the superior character in order to support the development of improved varieties. Similarly, Paterson et al. (1991) stated that evaluation of genetic diversity would promote the efficient use of genetic variations in the breeding program. Genetic diversity and relationships among breeding materials are also of essential information for a plant breeder to improve an efficient crop variety. The genetic diversity study is important not only for crop improvement but also for efficient management and conservation of germplasm resources (Tahir and Karim 2011) . The detection of genetic diversity can be done through analysis of morphological characterization and genetic markers. In this research, morphological characters (vegetative phase duration, generative phase duration, vegetative and generative ratio, days to maturity, plant height, number of filled pods, number of empty pods, number of branches, number of nodes, 100 seed weight, and seed yield plant -1 ) were used to reveal the genetic diversity among 150 soybean genotypes. Some researchers stated that plant morphology-based approach is easier and cheaper, but the phenotypic appearance of the characters is strongly affected by the environment (Bohn et al. 1999; Maric et al. 2004 ), on the contrary, Ozkaya et al. (2006) stated that genetic marker approach such as random amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), simple sequence repeat (SSR), and inter-simple sequence repeat (ISSR) are not much affected by the environment.
In this study, each cluster exhibited a morphological characteristic that differed among clusters. Within each cluster, a number of genotype was successfully identified with the shortest duration of vegetative phase (29 days), the longest duration of generative phase (51-51.5 days), high G/V ratio (1.52), early days to maturity (73 days) and late maturity (87.5-88.5 days), long plant stem (61.8 cm), high number of filled pods plant -1 (81.8-83.3 pods), a few number of empty pods plant -1 (0.3 pods), a few number of branches plant -1 (0.5 branches), high number of nodes plant -1 (14 nodes), large seed size (16.79 g 100 seeds -1 ), and high seed yield plant -1 (21.76-25.78 g). Moreover, each cluster described two or more determinant characters. For example, cluster V was characterized by late maturity (83.5-88.5 days) and relatively small seeded-size, i.e. 12.24-13.75 g 100 seeds -1 . On the contrary, cluster VI was characterized by days to maturity of 88 days but had large seed size, i.e. 16.79 g 100 seeds -1 . This implies that days to maturity within those clusters was similar, except the seed size. Those characters could serve as gene source for soybean's genetic improvement since studies on genetic diversity not only serve as a basis for understanding the genetic basis of soybean of different gene pools, but also to help identify new sources of genes to increase the productivity and quality of the soybean (Fu et al. 2007 ). The identified character for each cluster depends on the genetic material used or is also determined by the origin of the gene source used. According to Peric et al. (2014) , a great similarity was usually found, primarily between the varieties come from the same institution because these varieties, generally, were developed from the same crosses.
In Indonesia, soybean was categorized as a secondary crop. Hence, most of the cultivars were planted after paddy. In such condition, the plant age preferred by farmers is early days to maturity (under 80 days). In addition, soybeans with large seeded size (>14 g/100 seeds) are used as raw material for tempeh. Thus, improvement of soybean's genetic potency in Indonesia could use the superior characters existed in each cluster identified in the present study.
We concluded from the present study that based on agronomic characters, the 150 genotypes were successfully clustered into 10 clusters, each cluster has its own agronomic characteristics related to days to maturity, growth, and seed. The soybean users in Indonesia prefer soybeans with high yield, early maturity, and large seed size. Genotypes in the group IV, VI, and IX were potentially used as gene sources for the development of improved soybean variety in Indonesia.
